technique is proposed to retrieve the greenhouse gas (GHG) profiles at a specific location, which is practical for monitoring regional weather and climate changes. The harmony search (HS) algorithm with ensemble consideration is applied to retrieve the volume mixing ratio (VMR) profiles of three major GHGs (CO2, CH4 and N2O) and H2O. The vertical resolution is 1 km below 20 km. The error of VMR with this method is below 10, 5, 5 and 3 % for H2O, CH4, N2O and CO2, respectively, at the altitudes from ground to 45 km.
I. INTRODUCTION
LMO (LEO-LEO microwave occultation) and LIO (LEO-LEO infrared laser occultation) techniques have been combined to realize a LEO-LEO microwave and infrared-laser occultation (LMIO) technique, to retrieve the profiles of air pressure, water vapor pressure, temperature and the greenhouse gases [1] . In [2] , a GHG profiling algorithm, based on a clear-air algorithm, was proposed to cope with cloud and turbulence in the infrared-laser transmissions. However, the profiles obtained by applying space-based occultation technique has a low horizontal resolution of 200-300 km along the occultation path [3] , and has a large error in the lower troposphere, especially when a super-refraction (SR) layer exists [4] , which occurs quite frequently in marine areas [5] . Moreover, the number of retrieved profiles in any specific region is relatively sparse [6] .
On the other hand, ground-based GPS radio occultation techniques, in which a receiver is placed near the Earth's surface [6] , have been proposed for regional weather and climate studies since it is capable of retrieving more atmospheric profiles over time [6] .
In this work, we propose a LEO-ground infrared laser occultation (LGIO) technique to retrieve the profiles of GHGs and H 2 O , which can be applied to monitor around a specific receiver site. The absorption by H 2 O increases significantly at low altitudes, which may affect the accuracy of the differential transmission for the retrieval of the other species. Hence, four major GHGs were carefully selected for simulations [7] . A harmony search (HS) algorithm with ensemble consideration [8] is applied to retrieve the height profiles of these four species. II. RETRIEVAL SCHEME OF GHG PROFILES Fig.1 shows the geometry of ray tracing in a ground-based radio occultation scenario, assuming the atmospheric medium is a function of r only; where Rx and Tx are the positions of a infrared receiver on the ground and a LEO satellite, respectively; r 1 and r 2 are distance from the Earth center (O) to Rx and Tx, respectively.
The volume-mixing-ratio (VMR) of the target species, χ re (h) (in unit of ppmv), can be retrieved by minimizing the difference between the differential transmission ΔT t (β) and the modeled differential transmission ΔT mo t (β) of the target species as
where J is the number of measurement data, and ΔT
is the modeled differential transmission associated with an elevation angle β j . The modeled transmission due to the target species at the absorption and the reference channels, T The absorption coefficients are functions of height, which can be expressed in terms of the modeled VMR profile χ
where ρ = 10
.3145 J/K/mole is the universal molar gas constant, m g (kg/mole) is the molecular weight of the target species. In the spaced-based LIO [7] , six species including four isotopes were retrieved. In the LGIO technique proposed in this work, only four of them (H 2 O, CO 2 , N 2 O, CH 4 ) will be retrieved due to the effects of H 2 O near ground. • N are generated by using the CIRA86aQ UoG model, for Trop, NHM and NHP atmospheres, respectively. The relative error is lower than 5 % below 5 km, and is lower than 10 % below 10 km. Fig.3 shows the relative error in retrieving the VMR profiles of N 2 O and CO 2 , respectively. The relative error is smaller than 5 % for N 2 O and 3% for CO 2 , from ground to 45 km.
III. SIMULATIONS

IV. CONCLUSION
A LEO-ground infrared laser occultation (LGIO) technique has been proposed to retrieve the VMR profiles of H 2 O and major GHGs, including CO 2 , CH 4 and N 2 O, by applying the HS algorithm with ensemble consideration. This LGIO method is capable of retrieving the GHG profiles from ground level up to 45 km at height, and monitoring these profiles at a specific location.
This proposed method has been verified by retrieving different GHG profiles under different atmosphere models provided with the FASCODE and Carbon Tracker models. The vertical resolution is 1 km below altitude of 20 km, and the relative 
